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（1） 采用不同的化学还原法制备多种 Cu 纳米材料，并对制得的产物进行表征
与分析，研究表明： 
○1  水溶液中采用二步还原法可制得 Cu 纳米线，其横截面直径为 100~200 nm,
长度为 10~15 μm，含杂质 CuCl，这表明水溶液中抗坏血酸的还原性较弱。 
○2  乙二醇溶液中以油酸为 Cu 离子提取剂，当反应中使用的碱性乙二醇 pH
值为 12.2 左右，可制得分散性好，粒径和形貌可控的 Cu 纳米粒子，PVP
的用量越大，Cu 纳米粒子的粒径越小，结晶度越差。 
○3  乙二醇溶液中以油胺为 Cu 离子提取剂，制得粒径为 200~300 nm，球形度
高，表面光滑的 Cu 纳米粒子，反应中 Cu 离子提取剂与 Cu 离子进行配位
生成复杂化合物，使 Cu 离子的反应活性增加，对还原反应有利。 
○4  以 NaBH4 为还原剂制得粒径为 10~20 nm 的 Cu 纳米粒子，其 SPR 吸收峰
有较大蓝移。中性条件下 NaBH4 的还原性较强，其随 pH 值升高而减弱。 
○5  采用高温液相还原法，在 196 ℃时，被还原出的 Cu 快速成核后，体系中
以 Cu 晶核间的聚集作用为主，得到直径 50 nm，长度 300~400 nm 的 Cu
纳米线，由粒径小于 20 nm 的粒子自组装得到；在 210 ℃下体系受奥斯特
瓦尔德熟化作用的影响，除制得上述 Cu 纳米线外，还得到较大的 Cu 片，
其尺寸在 100~500 nm 不等；在 230 ℃下，体系很快进入晶粒的生长阶段，
不形成新的晶核， 终得到球形或椭球形的 Cu 纳米粒子，其中球形粒子















（2） 对上述一些实验方法作一定的改进，制得一价 Cu 的化合物纳米材料，对
产品进行表征与分析，研究表明： 
   ○1  在上述二步还原法的第一步反应的基础上，加适量 PVP，制得粒径为 2~4 
μm 的 CuCl 微球，由 CuCl 纳米片在 80 ℃下保温 120 min 后自组装而得。 
   ○2  将上述的乙二醇中油酸为 Cu 离子提取剂的反应中使用的碱性乙二醇的
pH 值提高至 12.8 左右，由于油酸与 Cu 离子的配合产物在乙二醇中的溶
解度随 pH 值升高而降低，导致反应液发生两相分离，在一定程度上限制
抗坏血酸还原性的发挥，产物为粒径是 4~8 nm 的 Cu2O 纳米粒子，将其
在 82 ℃保温一定时间，其自组装生成一定粒径分布的 Cu2O 纳米微球。 
（3） 以Cu纳米粒子为模板，外加还原剂葡萄糖，制得粒径为20~30 nm的Cu-Ag
复合纳米粒子；通过原位还原法制得粒径为 10~20 nm 的 Cu-Ag 复合纳米
粒子。超声波振动可以用来促进反应的进行。 





























Nano-materials containing Cu element have many excellent characteristics, and 
they can substitute for noble metals in some application areas. However, because Cu 
is very active, it is not easy to choose a reductive agent, and the final products are 
prone to be oxygenized. These difficulties have severely constrained the application 
of nano-materials containing Cu element. So, to develop a method of preparing well 
dispersed nano-materials which contain Cu element with controllable size and shape 
will have practical significance. In this thesis, synthesis of nano-materials containing 
Cu element via chemical reduction methods were conducted, and the structure, 
topography and composition of the products were analysed by XRD, SEM, TEM, 
EDX, etc. The properties of reaction mixtures in different stages were also 
characterized. Finally, based on the obtained data, mechanisms of the reduction 
reactions were systematically studied. The main achievements are summarized as 
follows: 
(1) Cu nano-materials were prepared by different kinds of chemical reduction 
reactions, and the products were characterized and analysed. Results showed: 
 ○1  Cu nano-wires were prepared by an aqueous two-step reduction method. The 
diameter and the length of the Cu nano-wires were 100-200 nm and 10-15 μm, 
respectively. The as-synthesized products also contained some CuCl nanoparticles, 
which indicated that the reducibility of asorbic acid in aqueous solution was 
relatively weak. 
 ○2  Well dispersed Cu nano-particles with controllable shapes and sizes were 
synthesized in glycol solution by using oleic acid as copper ion extractant. The pH 
value of alkaline glycol was about 12.2. And larger usage of PVP made Cu 
nano-particles with smaller size and poorer crystallinity. 
 ○3  Spherical Cu nano-particles with the size of 200-300 nm were synthesized in 
glycol solution by using oleylamine as copper ion extractant. The function of 















the activity of Cu ions. As a result, the reduction reaction became much easier.  
 ○4  Cu nano-particles with the size of 10-20 nm were prepared by using NaBH4 as 
reductive agent. The SPR peak of the as-prepared Cu nano-particles showed blue 
shift. Experiments indicate that the reducibility of NaBH4 is relatively strong, 
which can be weakened as the pH value increased. 
 ○5  High-temperature solution-phase reduction method was conducted. When the 
temperature was 196 ℃, Cu crystal nucleus with the size less than 20 nm formed 
and then aggregated to produce Cu nano-wires with a diameter of 50 nm and a 
length of 300-400 nm; when at 210 ℃, the reaction system was influenced by 
Ostwald Ripening, as a result, the product contains Cu nano-wires as described 
above and Cu plates with the size of 100-500 nm; when at 230 ℃, growth of 
nano-particles began to dominate the reaction system, and the final product 
contained Cu nano-spheres and Cu nano-ellipsiods. The size of Cu nano-spheres 
was about 50 nm, while the minor axis and major axis of the Cu nano-ellipsiods 
were 50 nm and 100 nm, respectively. 
(2) Copper compound nano-materials were prepared using some improved methods. 
And the products were characterized and analysed. Results showed: 
 ○1  The first step of the two-step reduction method was improved by adding certain 
amount of PVP, so CuCl micro-spheres with the size of 2-4 μm were prepared. 
The CuCl micro-spheres were formed via self-assembly of CuCl nano-plates after 
keeping the reaction mixture at 80 ℃ for 120 min. 
 ○2  The method of preparing Cu nanoparticles in glycol solution by using oleic acid as 
copper ion extractant was changed by raising the pH value of alkaline glycol used 
in the reaction to about 12.8, in this case, the solubility of the complex of oleic 
acid and copper ions was decreased. So, two-phase separation of reaction mixture 
occurred. The phase separation confined the reducibility of asorbic acid to a 
certain extent, as a result, Cu2O nano-particles with the size of 20-30 nm were 
prepared. Keeping the reaction mixture at 82 ℃ for a certain period of time, the 
as-prepared Cu2O nano-particles assembled to from Cu2O nano-spheres with a 















(3) Cu-Ag composite nano-particles with the size of 20-30 nm were prepared by using 
Cu nano-particles as templates and adding glucose as reductive agents; Cu-Ag 
composite nano-particles with the size of 10-20 nm were prepared via 
situ-reduction method. Ultra-sonic wave can be used to promote the reaction. 
Keywords: Cu nano-materials; Cu; Cu compound; Liquid chemical method; 
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